This study aims to evaluate the occurrence of trace organic contaminants (TrOCs) in wastewater sludge and their removal during anaerobic digestion. The significant occurrence of 18 TrOCs in primary sludge was observed. These TrOCs occurred predominantly in the solid phase. Some of these TrOCs (e.g. paracetamol, caffeine, ibuprofen and triclosan) were also found at high concentrations (>10,000. ng/L) in the aqueous phase. The overall removal of TrOCs (from both the aqueous and solid phase) by anaerobic digestion was governed by their molecular structure (e.g. the presence/absence of electron withdrawing/donating functional groups). While an increase in sludge retention time (SRT) of the digester resulted in a small but clearly discernible increase in basic biological performance (e.g. volatile solids removal and biogas production), the impact of SRT on TrOC removal was negligible. The lack of SRT influence on TrOC removal suggests that TrOCs were not the main substrate for anaerobic digestion. were not the main substrate for anaerobic digestion. 
Introduction

30
Wastewater treatment involves the settling of solid materials and transformation of dissolved During the anaerobic digestion process, a consortium of microbes metabolizes and converts 44 organic substances into biogas in the absence of oxygen. Anaerobic digestion can achieve a 45 sludge solid reduction of 40 to 60% (Malina & Pohland, 1992 ) and generate methane gas as a 46 renewable fuel. The digested sludge from anaerobic digestion can be used as fertilizers and soil conditioners in agriculture (Elliott et al., 1990) .
48
Application of the digested sludge on the land is a sustainable option because it enables the 
Anaerobic digester
114
Three identical anaerobic digesters were used. Each digester (Supplementary Data Figure S1) consists of a 28 L conical shape stainless steel reactor, a peristaltic hose pump (DULCO® 116 Flex from ProMinent Fluid Controls, Australia), a thermal couple with temperature gauge, a 117 custom made gas counter, and a gas trap for biogas sampling. Hot water flowing inside a 118 rubber hose wrapping around the digester was used for heating. The entire reactor was 119 insulated by polystyrene foam. The temperature of the digester was maintained at 120 35.0±0.5 °C by regulating the temperature inside the rubber hose using a temperature control 121 unit (Neslab RTE 7, Thermo Fisher Scientific, Newington, USA). When necessary, biogas 122 from the gas counter can be directed to a gas trap for biogas composition analysis. Figure S1 ). A portable gas analyser (GA5000 gas analyser,
136
Geotechnical Instruments (UK) Ltd, England) was then used for biogas composition analysis 137 (Nghiem et al., 2014) . Methane production activity (L-CH 4 /g VS removed ) was calculated based 138 on the methane composition in biogas and the biogas production rate. triclocarban, and diuron, and 5 ng/L for all other compounds reported in this study.
161
Sludge samples were centrifuged at 3720xg for 10 minutes (Alleegra X-12R, Beckman Thus the mass balance for TrOC concentration can be presented as
where C bio is the portion of TrOC that has been biodegraded. Corresponding to the observed increase in methane production activity due to increasing SRT, 206 a small nevertheless discernible improvement in the reduction of both TS and VS can be 207 observed ( Table 1) . As expected, the reduction of VS was consistently higher than that of TS. It is noteworthy that the alkalinity at pH=4.5 (Supplementary Data Figure S3 ) and pH value 219 of each digester were also monitored throughout the experiment. phase (in ng/L). pH value of the primary sludge was in the range of 5.35 to 5.59 (Section 2.1).
239
Thus, log D value at pH 5 was used to determine the hydrophobicity of these TrOCs. The 240 distribution of these TrOCs in the solid phase increased as their log D value increased (Table   241 2). For all TrOCs with moderate hydrophobicity (log D >2), 72 to 99% of the total mass 242 partitioned in the solid phase (Table 2 ). In line with recent studies concerning anaerobic 
246
The high standard deviation shown in Table S4 ). Examples of these strong electron donating 282 functional groups are provided in Supplementary Data Table S5 . As a result, atenolol, Table S4 ).
286
Compounds in this group include diclofenac, gemfibrozil, carbamazepine, diuron, and 
335
United states environmental protection agency office of water. 
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